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Abstract 

We present a straightforward method for particle identification and background rejection in '^He pro- 
portional counters for use in neutron detection. By measuring the risetime and pulse height of the 
preamplifier signals, one may define a region in the risetime versus pulse height space where the events 
are predominately from neutron interactions. For six proportional counters surveyed in a low-background 
environment, we demonstrate the ability to reject alpha-particle events with an efficiency of 99%. By 
applying the same method, we also show an effective rejection of microdischarge noise events that, when 
passed through a shaping amplifier, are indistinguishable from physical events in the counters. The 
primary application of this method is in measurements where the signal-to-background for counting 
neutrons is very low, such as in underground laboratories. 

Keywords: Helium proportional counters. Neutron detectors. Thermal neutrons. Pulse shape 
discrimination. Particle identification, Microdischarges 



1. Introduction 

Hclium-3 proportional counters are used as neu- 
tron detectors in a variety of fields in physics 
such as neutron scattering and nuclear and par- 
ticle physics, particularly those experiments that 
operate underground in a low-background environ- 
ment. They also have a commercial application 
as neutron detectors in health physics, medical 
physics, and nuclear safeguards. ^He has the ad- 
vantages of a large thermal neutron capture cross 
section, easily detected charged reaction products, 
and low gamma-ray sensitivity. Although the ba- 
sic properties of '^He proportional counters have 
been known for decades [1], more recent applica- 
tions in counting low rates of neutrons has spurred 
work in better understanding their backgrounds. 
Methods for improving background rejection in 
the counters |H [3] can be a significant benefit 
for those experiments or applications where the 
neutron signal-to-background ratio is particularly 
poor. 

Specifically, alpha-particle decays are a perni- 
cious background for -^He detectors used in low 
counting rate applications. The rate of alpha- 
particle decays originating from the walls of the 
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counter can be comparable to, or even exceed, the 
rate of neutron captures. Alpha particles arise pri- 
marily from daughters in the uranium and thorium 
decay chains. The amount of energy deposited in 
the detector can be from essentially zero to several 
MeV, spanning the region of the neutron capture 
products. Thus, energy discrimination alone is not 
sufficient to reject background events from alpha 
particles. The method of risetime discrimination 
provides a straightforward method to reject a large 
fraction of these events. 

For experiments operating in deep underground 
environments, cosmic-ray induced neutron events 
can be a particularly difficult background be- 
cause one cannot turn off the source of the back- 
ground [U [5]. The experiments can only reduce 
the ambient neutron background through shield- 
ing and precisely quantifying the remaining neu- 
tron flux 0. Solar neutrino experiments have 
used ^He proportional counters as triggers for neu- 
tral current interactions and monitors of muon- 
induced neutron backgrounds ^ . Dark matter ex- 
periments are particularly susceptible to neutron 
backgrounds, due to neutron recoil events that can 
mimic WIMP dark matter interactions. To this 
end, many experiments use ^He proportional coun- 
ters to monitor and characterize the neutron flux 
at their experimental site j8, ,9^ . 

In one notable example, the Sudbury Neutrino 
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Observatory (SNO) collaboration took consider- 
able effort in constructing ultra-low background 
■^He proportional counters containing low concen- 
tration of alpha emitters. That effort involved 
manufacturing proportional counters from mate- 
rials with low concentrations of uranium and tho- 
rium, as well as working in a radon-free environ- 
ment to prevent surface contamination |10[ lllj . 
For experiments that rely upon neutron counters 
as their triggers, these alpha-particle interactions 
in the proportional counter can be a leading source 
of background. Therefore, experiments such as 
SNO have distinguished alpha-particle background 
from neutron signals either through risetime anal- 
ysis [121 [T31 [Tl] or chi-squared fitting of the entire 
pulse waveforms [TS]. 

More generally, fast neutron spectroscopy can 
be done directly using a ^He proportional 
counter (TH [T7] , and it is also routinely done us- 
ing Bonner spheres, where fast neutrons are mod- 
erated in a hydrogenous material and a fraction 
of those thermalized neutrons may be captured by 
a central '^He proportional counter [18l [19]. An- 
other technique for fast neutron detection using 
•^He proportional counters is capture-gated spec- 
troscopy [10]. The fast neutrons recoil from pro- 
tons in an active hydrogenous moderator; the 
moderated neutron diffuses in the medium and 
may be subsequently captured on '^He. The time- 
delayed capture signifies that the preceding in- 
teraction was a fully thermalized neutron. This 
allows for an accurate measurement of the inci- 
dent particles energy, as well as a highly efficient 
method for background reduction. 

Work in nuclear safeguards has made helium- 
based neutron detectors the focus of detecting spe- 
cial nuclear material. Most neutron-detecting por- 
tal monitors use a ^He proportional counter sur- 
rounded by a passive neutron moderator |21) . Be- 
cause the monitors are searching for very low levels 
of neutron activity, the technical requirements for 
these detectors and those operating in an under- 
ground environment are very similar. In this case, 
background events are false positives, and hence 
alpha particles and noise in the detectors are a 
detriment to the effectiveness of the portal moni- 
tors [sg. 

Improving the particle identification and rejec- 
tion of events in '^He proportional counters that 
are not neutrons has clear relevance to these ap- 
plications. More specifically, this collaboration is 
constructing a fast neutron spectrometer |23j that 
employs a large number of ^He counters, and hence 
it is critical to understand all the background con- 
tributions in each counter that may be part of the 
spectrometer. Approximately 75 '^He proportional 
counters of the same model were surveyed as part 



of this study. 

In this paper, we discuss how a combination of 
risetime and energy analysis can significantly im- 
prove the identification of neutron capture events 
in a ^He proportional counter. Section [2] briefly 
reviews the operation of '^He proportional coun- 
ters. In Section |3] we describe the experimental 
setup and analysis method for testing '^He propor- 
tional counters. Section |4] gives the approach for 
identifying the origin of various waveforms that 
may occur in a ^He proportional counters. We ap- 
ply that method to quantify the rejection of non- 
neutron events for a specific counter in Section [5j 
Section [6] describes an auxiliary measurement to 
quantify alpha-particle rates from the proportional 
counter body, and Section [7] summarizes the re- 
sults. 

2. ^He proportional counters 

2.1. Principles of operation 

■^He provides an excellent medium for detecting 
thermal neutrons due to the high capture cross 
section (5330 x 10~^^ cm^ ) and a final state that 
consists of charged particles, as opposed to gamma 
rays. A neutron is captured by a ^He nucleus, 
resulting in a proton and a triton, which share 
764 keV of kinetic energy 

n + ^He ^ p + t + 764 keV. (1) 

These heavy charged particles ionize the gas in the 
proportional counter, creating electron-ion pairs 
that are proportional to the energy deposited. 
For cylindrical proportional counters, the electrons 
drift towards a central anode wire, and when the 
electric field gradient reaches a critical level, begin 
to avalanche. Thus, the detected current is created 
from the drifted charge. 

Because the neutron capture on '^He has a two 
body final state, the charged particles will be emit- 
ted in opposite directions. If the ionization tracks 
are parallel to the central anode wire, all of the 
charge will be collected at approximately the same 
time, leading to a short risetime of the detected 
signal. However, if the particles are emitted per- 
pendicular to the anode wire, one particle will be 
moving towards the wire while the other is mov- 
ing away. The collected charge will be spread out 
in time due to the radial variation caused by the 
track geometry |24j . 

Typically, a '^He proportional counter is biased 
through a preamplifier, and the resulting signals 
are sent through a shaping amplifier to be analyzed 
with a multi-channel analyzer or peak-sensing ana- 
log to digital converter. However, shaping the 
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Figure 1 : A schematic showing the setup for a sin- 
gle channel of our measurements. Particles in the 
■^He proportional counters generate current signals 
that go to the preamplifier. The waveform digi- 
tizer captures the resulting long-tailed signals and 
records them for off-line analysis. 



preamplifier signal smoothes out the slight devia- 
tions in signal shape caused by the track geometry. 
With high-speed waveform digitizers, it is possible 
to study the shape of preamplifier signals directly 
and apply digital signal processing to identify the 
type of incident radiation. 
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Figure 2: Typical energy spectrum of neutron cap- 
ture events in one of the "^He proportional counters 
used in this study. The dominant feature is the 
full-deposition peak at 764 keV. The two edges in 
the spectrum near 200 keV and 600 keV are related 
to partial energy deposition in the gas when either 
the proton or the triton interacts in the wall. 



2.2. Specific energy loss and particle range 

The specific energy loss of charged particles with 
charge Z, mass m, and kinetic energy Ekim is ap- 
proximately proportional to 

dE Z'^m 
- — cx . (2) 

dx Ei^iyi 

Thus, the track length for a given Ekin decreases 
with increasing mass and charge of the projectile. 
For neutron capture on '^He, the proton is emitted 
with 573 keV and the triton with 191 keV. At these 
energies and using the method of Anderson et 
al. [15] , the proton has a range of 1.88 mg/cm^ and 
the triton has a range of 0.71mg/cm'^ in our pro- 
portional counters. Because the proton and triton 
are back-to-back, this yields a total track length of 
2.6mg/cm^, compared to a 764 keV alpha particle, 
for example, with a range of l.Omg/cm^. 

Beta emitters, electrons from 7-interactions, 
and cosmic rays leave long tracks and deposit little 
energy resulting in small signals with a wider range 
of risetimes. Alpha particles with much higher 
specific energy loss leave shorter tracks and de- 
posit more of their energy, which yield large sig- 
nals with a relatively fast risetime. These fea- 
tures can be exploited in analysis to help identify 
the original radiation. Details about the energy 
loss of charged particles and the resulting pulse 
shapes in proportional counters can be found else- 
where [ISlIlilllllTlIll]. 

3. Experimental setup 

The experimental setup is shown in Fig. [l] 
We used 2.54 cm outer diameter, 46.3 cm active 



length, aluminum-bodied, cylindrical '^He pro- 
portional counters manufactured by GE-Reuter 
StokcfQ The 3He partial pressure in the counters 
was 404 kPa (4atm) with a buffer gas consisting 
of lllkPa (1.1 atm) of krypton. Helium does not 
have a high stopping power for heavy charged par- 
ticles. Therefore, manufacturers tend to add in a 
buffer gas with higher stopping power to ensure 
full energy deposition from the capture products. 
The krypton increases the stopping power of the 
gas for charged particles but has little effect on 
neutron capture. 

The proportional counters were biased 
through a charge sensitive preamplifier, and 
the traces were recorded for offline analysis by a 
125 MSamples/s 12-bit GaGe waveform digitizer 
or a 250MSamples/s 12-bit CAEN waveform 
digitizer. Data were taken at different voltage 
levels to test the variability of the counters' 
response. For these specific counters, 2000 V was 
a reasonable operating voltage. An exploration 
of the effect of different counter bias voltage 
indicated that there was little variation of the 
risetime distribution. 

Figure [2] shows a typical energy spectrum mea- 
sured by one of the proportional counters used 
in this work. Note that although the neutron 
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capture reaction is monoenergetic, there are still 
features in the energy spectrum related to when 
one of the particles interacts in the counter wall, 
leading to reduced energy deposition. This well- 
known wall effect is clearly seen in the two edges 
around 200 keV and 600 keV in Fig.[2| Events be- 
low 200 keV are largely betas liberated from the 
counter body by gammas from the ^^^Cf source. 

3.1. Analysis method 

The digitized waveforms were analyzed, and 
both the amplitude and risetime of the signals 
were extracted. Figure [3] shows sample traces cor- 
responding to three different sources: a neutron 
event, an alpha-particle event, and a microdis- 
charge from the proportional counter. Microdis- 
charges are electronic artifacts originating from 
current leakage in the bias voltage breakdown ap- 
plied to the counter [29J |3D1 [3T] . To determine the 
pulse height of the waveform, one first removes the 
baseline offset by subtracting off the average of the 
first few hundred samples of the trace, well before 
the pulse onset. To remove high-frequency noise, 
a Gaussian smoothing routine was applied to the 
waveform, and the amplitude was determined from 
the resulting wave. Because the signals were sent 
though a charge-sensitive preamplifier, the energy 
of the particle is proportional to the amplitude of 
the recorded signal. The fall time of the signals 
were a property of the AC coupling and decay time 
of the preamplifier. The detectors were calibrated 
using the thermal neutron capture peak to set the 
energy scale. 

For this work, the risetime was defined as the 
time difference between the signal reaching 10% 
and 50% of its maximum amplitude. This is the 
same interval used in Ref. [12J. This choice was 
based upon a reasonable separation of the three 
signal types. If the interval was too small (less 
than 20%), there was not adequate separation be- 
tween the microdischarges and the real signals. 
However, the interval could not be made too large, 
otherwise the slow component of the risetime, due 
to the drift of positive ions [27| , decreases the sep- 
aration of alpha-particle and neutron events. For 
both the alpha particles and neutron traces shown 
in Fig. [s] this begins at about 75% of the maxi- 
mum signal amplitude. 

4. Event identification through risetime 
analysis 

4-.1. Physical signals from source radiation 

Events in the counters arise from other radiation 
sources or bias voltage breakdown in the counter. 




-2 2 4 6 8 10 

Time (fis) 



Figure 3: Example of the raw preamplifier traces 
showing the risetimes from three different sources. 
Shown here, in sequence of increasing risetime, 
are a microdischarge (red), an alpha-particle trace 
(gray) and a neutron trace (black). 

Data were collected under a few different condi- 
tions to characterize the "^He proportional coun- 
ters' response to different sources of radiation. By 
displaying the risetime versus the pulse height of 
each signal, it is possible to identify regions of this 
two-dimensional space where events from different 
source radiation will occur. Figure |4] shows the 
proportional counter response to thermal neutron, 
gamma, beta, alpha, and microdischarge events. 

Thermal neutrons were generated from neutrons 
from ^^^Cf that were moderated by a 5 cm thick 
piece of polyethylene placed between the source 
and proportional counter. Figure|4^ illustrates the 
region in both risetime and pulse height where the 
counter detects the neutron-capture reaction prod- 
ucts. The large concentration of events around 
764 keV correspond to the full energy deposition. 
The risetime varies depending upon the orienta- 
tion of the decay products in the counter with re- 
spect to the central anode wire. 

To test the counter's response to beta and 
gamma radiation, ^°Sr and ^°Co sources were 
placed directly above the counter in separate mea- 
surements. Figures |4jD and|4j: show that these in- 
teractions are comparatively low energy that can 
be easily discriminated from neutron events. Note 
that there are still neutron events from the ambi- 
ent background in the laboratory where the mea- 
surements were performed. 

Figure [4[i illustrates why alpha particles are the 
most difficult background to address. Many events 
overlap with neutrons in both energy and risetime. 
For this measurement, the source of the alpha par- 
ticles was the trace amount of uranium and tho- 
rium contamination in the wall of the proportional 
counter body. To emphasize the alpha-particle 
events, the counter was wrapped in boron-loaded 
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b) Gamma source 
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e) Microdischarges 
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Figure 4: Scatter plots showing the risetime versus pulse height from different sources of radiation and 
microdischarges in '^He proportional counters: a) neutron source data; b) gamma source data; c) beta 
source data; d) alpha-particle background data; and e) microdischarges. The solid black lines illustrate 
regions where the indicated events occur. Further description is found in the text of Section |4] 
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silicone rubber to absorb most of the external am- 
bient background of thermal neutrons. As the typ- 
ical alpha-particle detection rates for the counters 
in this work are quite low, data were taken over the 
course of a few days to acquire sufficient statistics. 
Note that with such a long run, there is still some 
leakage of thermal neutron events into the spec- 
trum. 

We characterized the events from about 75 "^He 
proportional counters for this risetime study. We 
note that they had a wide range of alpha activ- 
ity as well as variations in spectral shape, even 
though they all came from the same manufac- 
turer. Some counters had rates consistent with or 
higher than the raw aluminum expectation, dis- 
cussed in Section [6] while some were considerably 
lower. The counter with the lowest alpha-particle 
rate had approximately 6 x 10~^ s~^ , and the high- 
est alpha-particle rate counter was approximately 
3 X 10~^s~^. Certain counters exhibited a broad 
spectrum of alphas with no peaks while others dis- 
played peaks at energies consistent with isotopes 
in the decay chains of uranium and thorium. Dur- 
ing construction of the counters, a thin layer of 
nickel was deposited onto the inner surface of the 
cylinders. This was done by the manufacturer to 
minimize the contribution of alpha particles to the 
background [32]. We speculate that deviations in 
the thickness of this coating could cause the ob- 
served variation. 

In counters with high alpha-particle rates, 
events were observed with pileup of a large alpha- 
like signal on top of a small gamma-like signal. 
These events are possibly from correlated decays, 
where a nucleus alpha-decays to an excited state, 
which subsequently emits a gamma. An example 
trace of this process is shown in Fig. [5j The low- 
amplitude gamma signal will appear first because 
its track is extended and closer the anode. The 
alpha particles predominately originate from the 
counter walls, the furthest distance from the an- 
ode, and therefore arrive after the gamma event. 
As a result, these signals have longer risetimes, 
which could lead to misidentification as neutron- 
like signals with this analysis. Other techniques, 
such as waveform fitting, should be able to identify 
such events. 

4-. 2. Microdis charges 

In the course of the measurements, a few coun- 
ters were found to have spurious signals with very 
rapid risetimes. After studying the counters in 
question, the source was determined to be mi- 
crodischarges from the high voltage feedthrough 
to the grounded case of the counter. An exam- 
ple of such a signal is shown in Fig. [3] along with 
neutron-capture and alpha-particle signals. This is 
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Figure 5: A sample trace attributed to an alpha- 
particle and gamma-ray event in the proportional 
counter. These are possibly from a correlated de- 
cay, where a nucleus alpha decays to an excited 
state, which then de-excites by emitting a gamma. 



a known effect in ^He proportional counters, and 
a thorough treatment of the origin of these sig- 
nals can be found in Ref . [33] . The microdischarge 
is seen by the preamp as a current pulse and is 
treated as a normal signal. When sent through a 
shaping amplifier, there is no way to distinguish a 
discharge from a signal generated by an incident 
particle. By using the preamplifier signal, it is 
possible to measure the fast risetime of these spu- 
rious signals and discriminate against them. Fig- 
ure [4e] shows an example of a detector with a clear 
band of fast (< 100 ns) risetime events that span 
a wide range of pulse height. The rate of such 
events may vary significantly among proportional 
counters, even for counters made by the same man- 
ufacturer. 

5. Non- neutron event rejection using en- 
ergy and risetime discrimination 

Utilizing the energy and risetime of these sig- 
nals provides a straightforward and fast method 
to characterize the shape and origin of events in a 
counter, as well as a rationale to define cuts that 
minimize backgrounds specific to a given applica- 
tion. Figure|6]is a risetime versus pulse height plot 
from one of the ^He proportional counters placed 
underground. The black lines indicate where one 
may apply cuts in an analysis to isolate the differ- 
ent events. Two methods of performing cuts on the 
data proved useful in this work and are described 
in this section. First, one may place restrictive 
cuts that define an essentially neutron-only region. 
This is particularly important for the applications 
where the rate from the neutron signal is expected 
to be very low. Second, one may place less re- 
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Figure 6; Risetime versus pulse height data from a '^He proportional counter placed underground at 
KURF. The black lines and labels serve to indicate the predominate type of event in the region. The 
low neutron flux facilitates the study of the internal alpha-particle contamination of the counters. This 
counter has a broad alpha spectrum and a low microdischarge rate, as shown in the labeled regions. 



strictive cuts that eliminate microdischarges and 
gamma and beta backgrounds but accept the con- 
tribution from alpha-particle contamination. 

5.1. Neutron-only cut region 

In the risetime versus pulse height space, one 
can define a region essentially free of alpha and 
beta/gamma backgrounds, as well as microdis- 
charge noise. This region is clearly shown in Fig. [6] 
Three cuts are required to isolate neutron events: 
two diagonal cuts and one in pulse height only. 
The first diagonal cut is defined by events above 
the upper edge of the alpha region. The second 
diagonal cut is defined as events below the upper 
edge of the distribution from neutron source data. 
Finally, an upper energy threshold is made to re- 
ject events with energy above 0.8 MeV, which is 
the approximate end of the neutron capture peak. 
These cuts define a triangular region which is es- 
sentially free from alpha-particle and beta/gamma 
backgrounds and microdischarge events. 

To test leakage of alpha-particle events into the 
neutron-only region, we operated several of the 
proportional counters in a low-neutron environ- 
ment at the Kimballton Underground Research 
Facility (KURF) in Blacksburg, VA. The facility is 
located in an active limestone mine at a depth of 



1450 meters water equivalent and provides a good 
low-radioactivity counting environment |34j . Six 
helium detectors were counted for approximately 
16 hours. These detectors showed a variety of al- 
pha and microdischarge rates; the risetime versus 
pulse height spectra from one of the counters is 
shown in Fig. |6] 

It is possible to estimate the leakage of alpha 
events into the signal region by looking at events 
above the neutron capture peak in Fig. [6j There 
should be no neutrons in this region, but the alpha 
events should have the same probability to spill 
into the cut-region. For the six detectors tested at 
KURF, we see an average of 1 % of alpha events 
which are not cut by this method. When these cuts 
are applied to neutron source data, we find that 
approximately 55 % of the neutrons are rejected. 
The location of the cuts can be refined to match 
distributions present in specific counters, as well 
as the desired signal-to-background ratio. 

5.2. Elimination of microdischarge noise only 

After surveying the 75 proportional counters us- 
ing the risetime method, we selected counters that 
contained the lowest alpha-particle backgrounds to 
minimize the contamination of the neutron signal 
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Figure 7: Energy spectra recorded with a silicon 
surface barrier detector. The red trace shows the 
spectrum from the outside surface of a '^He pro- 
portional counter that had been scrubbed clean 
to remove surface contamination. The blue trace 
shows a background spectrum obtained when the 
•^He counter was removed. The broad spectrum 
of alpha-particle energies is consistent with bulk 
contamination of the counter body material. 



region. This permits one to focus on the microdis- 
charge backgrounds. Because the microdischarge 
region is well-separated from the neutron region, 
we can use this cut to eliminate the microdischarge 
events while preserving the entire neutron region. 

Without utilizing the information in the pulse 
risetime, there is nothing to distinguish microdis- 
charge events from alpha-particle events. Thus, 
more proportional counters would have been cate- 
gorized as high-background that are low in alpha 
contamination but high in microdischarges. Coun- 
ters that would otherwise have been unsuitable for 
low background experiments can still be used, as 
long as the microdischarge events are rejected. 

6. Direct measurement of alpha-particle 
rates from ^He counter walls 

To verify that the background attributed to al- 
pha particles was being correctly identified, we 
performed a separate measurement of the alpha ac- 
tivity at the surface of a "^He proportional counter 
using a silicon detector. These measured rates 
were compared with existing measurements [351 
and the internal alpha rates from the coun- 
ters themselves. The comparison will not exact be- 
cause some parameters among the counters cannot 
be controlled, such as the manufacturing process 
and knowledge of an absorbing layer deposited on 
the inner surface. 

To measure the alpha-particle rate from the alu- 
minum surface, a '^He proportional counter was 
placed inside a vacuum chamber, and a silicon 



surface barrier detector was placed on the sur- 
face. The chamber was lined with thin plastic 
and evacuated to minimize events originating from 
the chamber and radon in the atmosphere, respec- 
tively. The silicon detector signal was processed 
through a preamp and shaping amplifier, and the 
peak heights were registered on a multichannel an- 
alyzer. Data were collected under a number of 
different conditions in order to identify sources of 
background. It is important to differentiate be- 
tween alphas that originate from the metallic sur- 
face of the '^He counter and those that may come 
from the chamber, detector mounting hardware, or 
the silicon detector itself. Contamination on the 
surface the "^He counter body is a particular con- 
cern, and care was taken to clean the surface with a 
mild abrasive and detergent before measurements 
were performed. 

Figure [7] shows the energy spectrum of parti- 
cles from a '^He counter along with a background 
spectrum when the counter was removed. To com- 
pare with values in the literature, we summed the 
counts between 2 MeV and 10 MeV after back- 
ground subtraction when the counter was re- 
moved. Taking into account the detector solid an- 
gle and scaling up to the full size of the propor- 
tional counter, a typical alpha rate was 3.9 x 10~^ 
s~^. Using the internal surface area of 370 cm^ 
for a counter, one obtains a count rate per area 
of 1.1 X lO"** cm~^s^^. In Ref. [3S], researchers 
tabulated alpha count rates per area ranging from 
1.4 X 10~^ to 1.2 X 10"'' cm~^s~^ from commercial 
aluminum. Rates will vary widely due to several 
factors, such as the supplier and surface contami- 
nation [37] , but the values obtained with this pro- 
portional counter are consistent with both the lit- 
erature and our own internal measurements. This 
gives additional confidence that the alpha particle 
in the proportional counters are being correctly 
identified. 



7. Summary 

We have detailed a straightforward method to 
identify neutron, alpha, gamma and beta, and mi- 
crodischarge events from ^He proportional counter 
preamplifier signals collected with waveform digi- 
tizers. By using the risetime and energy informa- 
tion of each signal, one can isolate neutron capture 
events and eliminate contamination of the neutron 
signal from the gamma and beta backgrounds and 
microdischarges. We have verified that the domi- 
nant background in the neutron risetime and en- 
ergy window arises from alpha decays from the 
counter body itself. We have identified a set of se- 
lection criteria to improve significantly the neutron 
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signal-to-background ratio in that region. If count- 
ing statistics are sufficient for given experiment, or 
if one desires the highest signal-to-background ra- 
tio, one may choose to sacrifice approximately half 
of the neutron events in order to eliminate nearly 
all of the alpha-particle events. In many low event 
rate applications, that may not be the preferred 
option; in which case, this method will provide an 
important tool to identify and mitigate the contri- 
bution of alpha backgrounds in '^He proportional 
counters. 

A fast neutron spectrometer utilizing six ^He 
proportional counters [23] was placed underground 
at KURF. Using the risetime method to identify 
and reduce backgrounds has led to a significant 
improvement of the experiment. In future work, 
we will investigate the improvement in the neutron 
signal-to-background from data acquired in a low- 
background environment. 
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